This paper presents the maps of solar radiation on the surface of south-east region of Spain named Región de Murcia. These maps are the result of treatment, study, and correlations obtained by data of 35 weather stations distributed throughout the region. These stations have collected data for 6 to more than 25 years. The paper presents the work performed for the treatment of collected data, the correlations used for the adjustment of the data, and the parameters obtained as a result of this adjustment. The weather stations are equipped with various sensors to collect several parameters, the measures covered and used for the study were global and diffuse radiation (in case that the station has pyranometer diffuse) and ambient temperature. The results were used to produce maps of horizontal radiation (global and diffuse) and ambient temperature at the surface of the region studied. To achieve the irradiation maps for this extended region has been used "r.sun" program, technical program that with the help of GRASS program uses geographic information systems (GISs) to evaluate the influence of geographical variables captured on horizontal plane at the surface. Using the results of the program for theoretical data and/or generic, and with the feedback obtained by the correlations of measures covered from weather stations, we have studied the incident radiation on the region. The main result of this study was to produce maps of irradiation on horizontal plane, correction for inclined surfaces, and also maps of temperature of the studied region. On this basis, results have been produced maps and tables of monthly solar radiation (mean maximum and minimum) for each of the 45 municipalities of the Region of Murcia. Thus, was obtained a useful tool for the calculation of available energy and thermal needs at the design process of plants using solar thermal and photovoltaic.
Introduction
The energy from the sun is responsible for the vast majority of the types of energy that transforms and use the humanity. Besides, this source of energy is inexhaustible on a human scale, so solar energy has a special place in the field of renewable energy.
To enable the collection and use of solar energy is necessary to make a well-designed catchment facility following a series of theoretical and technical criteria, right inclination to Ecuador, design of solar tracking systems, correct choice of materials to be used by recruiters, and so forth. An important parameter for the evaluation and implementation of feedback systems is undoubtedly to know with accuracy and reliability solar energy incident on the site to be exploited.
The European Economic Community (EEC) has spent years talking about the documentation of areas as susceptible to the so-called "solar farm" [1] [2] [3] , this documentation has been made based on the potential available energy of the sun for each region. Several countries of European Community have developed their own irradiation maps and model using different tools, for example, using images from Meteosat [4] to obtain the solar irradiation of Italy. Similar works are possible to find in the literature for other parts of the Earth, for Africa [5] , South-America (Brazil) [6] , New Zealand [7] , Asia (Thailand) [8] , and so forth.
For the realization of solar radiation atlas, there are numerous references, where it is described the theoretical basis and relevant statements. The main reference in Spain has been the Solar Radiation Atlas of Spain [9] conducted by 2 ISRN Renewable Energy the National Meteorological Institute (INM) . It is also possible to find updated maps of solar radiation in the "situation reports" from the Ministry of Environment of Spain, published on its website and endorsed by the Institute Meteorological Institute. On the other hand, there have been several Spanish autonomous communities that have made their own solar maps and/or climate maps. The review shows some examples of communities radiation maps, for example, [10] [11] [12] [13] [14] [15] [16] .
Region of Murcia shows a huge potential in the field of renewable energies, especially solar energy. This is evidenced by the growing interest of companies to install solar systems (thermal and photovoltaic) in many municipalities of the region. Therefore, this the elaboration of a detailed atlas of solar radiation for this region.
In addition, during the development of this work, the development work will explain research techniques of processing and interpretation of available data of insolation and temperature of the different weather stations installed in the Community Region of Murcia. This work has also included a series of maps of average air temperatures, always with the objective of being useful to predesign solar systems, by capturing heat and/or photovoltaic or through the use of bioclimatic architecture.
Objectives of This Work
The use of solar energy is limited mainly by two features: the intensity of solar radiation received by Earth, which in turn depends on daily and annual cycles and the latitude of the application on the land surface, weather conditions, and prevailing weather.
Therefore, the use of solar radiation as an energy source requires knowledge of the amount and distribution of incident solar radiation on a particular place and its temporal variation over the annual and daily cycles.
The incident solar radiation on a given region is usually represented on maps of monthly and annual solar radiation. The most common procedure to design these maps is through interpolation, extrapolation of time series of measures of insolation on the surface, took by pyranometer in specific geographic locations.
With the use of these maps is possible to assess the viability (or nonviability) of the location of a particular of solar-energy plant (thermal or photovoltaic). Actually, these maps could be used to catalog areas as susceptible (or not) to be used as "solar farm."
The aim of this work is to develop a map of mean solar radiation received on horizontal surface (global and diffuse solar irradiance at ground on a horizontal surface), conversion factor of declination surfaces and, also, to obtain a map for the average air temperatures at the surface level, for the Region of Murcia.
Acquisition and Sources of Data
Nowadays, there are three options to assess the evolution of terrestrial solar radiation data in order to do some climate analysis or to make a forecast of the irradiance or irradiation in a particular place.
(1) To use databases of solar radiation on the specific place site and make forecasts based on past experience of the site. These forecasts will be more reliable when the database is temporarily longer. This possibility is not feasible because it would require the installation of monitoring stations in all those sites susceptible to use for solar projects.
(2) To use mathematical models, more or less complex, of behavior of atmosphere of the Earth's, that allows obtain correlations between ground data and known data of the extraterrestrial radiation.
(3) Using a combination of mathematical-statistical interpolation and extrapolation, that with the help of (i) irradiation data in nearby sites, (ii) combined with other data (geographical, climatic, turbidity, etc.), (iii) with calculated extraterrestrial radiation, (iv) and applying contrasted mathematical-statistical models, it is possible to obtain a good estimation of the horizontal irradiation values in a particular place.
First option is totally unworkable because of the great number of measurement stations and time required to make a reliable database.
The use of mathematical models mentioned on the second point require an extensive study is beyond the scope of this text. Besides, it would be necessary to model a large number of climatic variables. There are several mathematical models in the literature that use different methods, such as neural network [17, 18] , other mathematical technics [19] [20] [21] , or using indirect measurements from satellite [4, 8, 22] .
Mathematical/statistical models, referred to the third point, will be used in this study to carry out the solar maps of the South-Est region of Spain. These models are not exempt from the use of measured data and, of course, the larger the database used the more reliable the response of the model. The use of these kind of models is very useful as showing the papers found in the literature as [7, [23] [24] [25] [26] [27] [28] [29] .
Measuring Stations.
Murcia is located at the south-east corner of Spain, it is limited by the Mediterranean Sea to the south, by the Valencia Community to the east, by Castilla-La Mancha to the north, and by Andalucia to the west. The major part of the region is influenced by the Mediterranean weather but the north-west of the region has a partial influence of continental weather due to the proximity of the high Iberia plateau. Figure 1 shows the situation of Murcia in the Iberia peninsula.
Today there is availability of terrestrial solar radiation data from monitoring stations grouped in more or less organized networks. In particular, for this work, the Instituto Murciano de Investigación y Desarrollo Agrario y Alimentario (IMIDA) has more than 100 measuring stations spread over the length and width of Murcia's Region, and more than 30 of these stations have some system of measuring of solar radiation. Some of these stations are collecting data from more than 10 years ago. For this study, have been used data from IMIDA and data from Instituto Nacional de Meteorología (INM) that have irradiation data with more than 25 years. Figure 1 shows the spatial arrangement of the stations on the map of the Murcia's Region: a list of the codes of the stations with the data population of eachone, the exact position of its location (in UTM coordinates and altitude above sea level). More detailed information of the stations can be found at the web address of IMIDA http://imida.es/.
Treatment of Measured Data.
All data collected were subjected to a treatment process to control the quality of the measurements. All field measurements are exposed to multiple sources of error, since the measurement itself until the inclussion in the database. Measurement errors must be eliminated in order to use these data with enough reliability.
In order to detect and reject data with high probability of error a similar method to [10, 11] have been used. This method was developed by Baldasano et al. [10] for the realization of Atlas of solar radiation in Catalonia in 2001. This method involves the analysis of records based on two criteria, temporal and spatial coherence. These two criteria are complementary and they have been interspersed in the process of data cleansing.
Firstly, we plotted the data series available for each station and for all years monitored. An example of these graphics is shown in Figure 2 . Once all data have been represented, outliers values in the curve of radiation that spread in excess are directly removed from the data series. Figure 2 shows the marked circles dismissed some of the data series.
Secondly, the data are compared with the annual curve of maximum radiation at sea level, and all the excess data are dismissed. This process will be explained in detail in following sections.
The spatial selection is done as follows. If two nearby stations provide very different data, the data are compared with a third station near both, and the disparate data are rejected or adjusted.
Each weather station has been recording data during a different number of months and some of them has been operating less than two years. The simultaneity of the data, the number of data available for each station, the proximity of the stations, maintenance of measuring devices, and so forth are an important factor to have an acceptable level of data reliability and performance.
Collection of Several Necessary Data.
In this work, the surface temperature data were collected in order to make a map of temperature of the region. These data and maps are very useful to obtain a good prediction of the energy that could be produced by installations with thermal collectors or PV panels, and also to predesign and consider some special tasks necessary for an specific installation. Data were collected from the same meteorological stations. The characteristics of temperature sensors used can be found on the website of IMIDA. Additionally, in order to do a correct treatment of the data and to correlate them with the results of the widely used radiation models, is needed to quantify several parameters, such as the following.
(i) Linke factor. This factor quantifies the turbidity of the air, Figure 3 . This factor is important to properly quantify and model phenomena such as absorption and scattering of solar radiation experienced by the solar radiation to pass through the Earth's atmosphere [30] . This factor is quantified on a monthly basis by the SoDa "Services for Professionals in Solar Energy and Radiation" and can be obtained according to the appropriate coordinates from web site http://www.soda-is.com/. This factor is necessary to evaluate the total radiation with models which do not have enough data and number of measure stations. However, with the data used in this study is possible to avoid the Linke factor because the data have the effect of turbidity included. In this study, Linke factor was only used in the creation of the first maps, just with thoretical models.
(ii) Frequency of sunny skies. An important parameter to process irradiation data correctly frequency of sunny skies. This data can be found in the database servers from satellites. It is the percentage of probability for each month according the latitude and longitude of the place. A square interpolation was made to obtain a valid average value of this parameter in the Region of Murcia. Table 1 shows the results obtained from webserver http://www.satel-light.com/. (iii) Sunshine hours per day. This parameter is more interesting than the previous one, because it provides us with more information in a more direct way. In order these data could be useful must be collected directly from weather stations. During the process of obtaining data, it was found that only the INM weather station collects daylight hours, therefore, this information has not been used for realization of the maps, even though it will be used in a subsequent process of validation results.
On the other hand, to calculate and to do a correct treatment of irradiation data using GIS techniques is necessary to used other geographical data. This work has used the GIS program described in the papers [31, 32] , this code is open source and is named GIS-GRASS and with the information of orientations and elevations. The package "r.sun" is able to recalculate the radiation map of a region as it is going to explain in following sections taken into account the geographical information. Figures 4 and 5 show the orientations and elevations maps for Murcia Region. These and other important data were obtained from various sources available on the Internet or publications from other more generic atlas. 
Data Processing
The data treatment and its correct use are one of the most relevant parts of this paper. A proper data processing is associated with a pooling of data from different sources, a refinement, an adaptation of the data for use in models and GIS systems for a correct representation and interpretation, and so forth. Figure 6 shows a scheme of the process followed to obtain maps with enough reliability to be used.
Factors to Be Considered during the Treatment of Data.
The solar radiation measured at a location depends mainly on the following factors.
(i) Astronomical factors: the decline and the distance from the sun to the earth vary throughout the year. These factors are easily quantified using the equations describing the translational motion of the earth to the sun, the equation of radiation is a function of the solar constant, 1367 W/m 2 (the value accepted by the World Radiation Center (WRC)) and the relative position of the measurement site to the sun (or whatever it is the same, the sun's declination and distance from Earth to the Sun, both are based on the day of the year).
(ii) Geographical factors: these factors are mainly the latitude and longitude of the place, it is necessary not to forget to measure the terrain and the altitude site because it may cause shadows and reflections that affect the measures and, therefore, irradiation available to the site.
(iii) Meteorological factors: defined mainly by the state of the sky. That is one of the most influential factors on the level and type of radiation available at ground level. The clear skys, generally provides greater proportion of direct than diffuse radiation. However, the 
Model
Used for Data Processing. The strategy for the treatment of data was similar to the one used by [10] [11] [12] in the creation of Atlas of solar radiation to Catalonia. In this case, the methodology is explained in Figure 6 . The data processing was done by using a model that relies, in part, in the astronomical study of solar irradiance proposed by Santabàrbara et al. [33] , and describes in the following paragraphs.
The data processing can be divided in three phases. The first step consists in obtain the daily radiation with clear sky at sea level, taking into account only the astronomical factors. The second phase consists of obtaining irradiation values implicitly by geographical and meteorological factors by adjusting parameters using statistical techniques. Finally the diffuse radiation is obtained by applying the Liu-Jordan model [34] , a model widely contrasted and supported by the scientific community specialized in the analysis of solar radiation. These three phases of data processing are described in detail in the following section.
4.3.
Obtaining the Global Radiation. Firstly, it was obtained daily clear sky radiation at sea level taking into account only the astronomical factors, "daily global solar radiation at sea level, where sky is always clear."
It has been calculated monthly average daily extraterrestrial radiation on horizontal plane, (1) and then applied to calculate the time dependence of the radiation at sea level using a simplified model for latitudes near the region of Murcia, (2) , and compared the result with the time evolution obtained for all years of data collection in each of the seasons.
Monthly annual mean daily extraterrestrial irradiation, H 0 , is calculated as
where G SC is the solar constant, 1367 W/m 2 , ω S is the angle of the sunrise correspond to a place with a ϕ latitude, δ is the solar declination for each day δ = 23.5 sin((360/365)(D + 284)), with the eccentricity correction E 0 = 1 + 0.033 cos((360/365)D), and D corresponds to the Julian day.
In case of clear sky and for mean latitudes, between 30-50 as the case of Murcia's region, the expression of daily mean irradiation at sea level, H 0 is possible to use and analytical expression, (2) which correspond to a simplified model proposed by Santabàrbara et al. [33] 
where H M is the annual mean of the daily irradiation, A 0 is the amplitude of annual oscillation of the daily irradiation, and B 0 take into account the lag between the first of January and summer solstice.
It is important to note that (1) and (2) do not take into consideration any of the measured values, therefore, do not consider factors such geographical and/or weather, only regard the astronomical factors.
The curve generated by this expression is rather useful to discard the wrong values to the extent of irradiation on each of the stations. Figure 7 shows the comparison between the results measured in UPCT station at the campus of "La Palma" with the evolution of the irradiation by using (2) . In case the data do not follow the analytical expression, the data are refused.
This methodology was used for all the meteorological stations. Simultaneously, the spatial coherence of the data has been studied from several provisional maps of irradiation, taking into account that the station in the neighbourhood of others should not record very different values from them. Combining these two coherence criteria, the filtering process applied has erased some periods of data. In any case, it was necessary to remove the complete data of an station.
Obtaining the Global Solar Radiation for Each
Measurement Station. The next step was to consider an expression of the same type but obtained from the data measured in each of the measurement stations. Thus, the curve obtained will implicitly including geographical and meteorological factors under study site (meteorological station in particular). The expression used is
Note that now H is the annual mean of the daily irradiation the average daily global irradiation on horizontal plane measures by a meteorological station, M is the annual average daily radiation for an specific location, A is the Amplitude of the annual variation of daily irradiation in the location, and B is the factor that corrects the gap caused by the calculation start on first of January for the site under study.
The parameters M, A, and B are unique to each station were obtained by an statistical adjustment througth the method of least squares differences using the database from each of the meteorological stations. In a set of measurement data, the astronomical factor is mixed up with the geographical and the meteorological factors so, when fitting the parameters M, A, and B in (3) to a dataset, they will contain information relative to these factors. An example, with all the measurements of two stations ("Torre Blanca" and "Llano de Molina") and the curve obtained, is given in Figure 8 .
The process is valid for all cases studied and the correlation coefficient is always higher than 0.75. The resulting parameters for each station are listed in Table 2 .
With (3), once its parameters have been adjusted to a data set, is possible to predict the average of the daily irradiation for a particular site and day. This prediction includes an average of the weather conditions, and the clearly of the atmosphere (turbidity).
Once the data have been adjusted for all seasons, you get a database with the parameters M, A, and B for all measurement points. Maps of global radiation over the entire surface of the Murcia Region are obtained using spatial interpolation techniques. Examples of these maps are represented in the results section of this paper.
Obtaining Diffuse (and Direct) Solar Radiation for Each
Station. Diffuse radiation measurements was registered at five meteorological stations ("Guadalupe," "C del Judio," "Llano de Molina," "La Alberca," and "Torre Blanca"). The characteristic annual equation (3), fitted to each station data, has been used to computed monthly mean values of diffuse daily irradiation. Using these values, the following thirdorder polynomial, which relates diffuse (H d ), global (H), and extraterrestrial (H 0 ) irradiation was obtained following the expression of Liu and Jordan [34] , (4). This expression was used for each station where the diffuse irradiation was measured:
where H D is the annual mean of the daily diffuse irradiation, H is the annual mean of daily irradiation measure in each station, H 0 is the annual mean of extraterrestrial solar 8 irradiation, and J i are the independent parameters to fit the equation for each measurement station. The fitting of (4) to a dataset has been made by the leastsquare method, the same method used on global irradiation, and the resulting parameters for each station where was measured diffuse irradiation are listed in Table 3 . Two examples, with all the measurements of the stations and the curves obtained (global and diffuse irradiation), are given in Figure 8 .
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Once we got the global radiation and diffuse radiation, the way to calculate the direct irradiation is by subtracting both arithmeticly (H b = H − H D ). Direct irradiation is not evaluated and neither the maps of direct irradiation were built for this paper because, usually the direct irradiation is not a good parameter to evaluate the viability of photovoltaic and thermal installations.
Obtaining the Mean Daily Temperature.
In order to calculate the daily mean temperature at the ground level, is avaible a time serial data over several years of sampling, in each of the weather stations. With this data has been made, a statistical adjustment with a similar method used for the evaluation of global irradiation.
To obtain the most appropriate statistical function to model the temperature, the steps are the following. Firstly, the mean temperature for each day and for each measuring station were calculated, with these measures, the average over the year available with measure were calculated. An ANOVA (analysis of variance) statistical analysis was done with the IMSL libraries implemented in the program Developer Studio. The average daily temperature over the year and all data available from the measurements stations were used as target for the ANOVA analysis. From this analysis, were found the parameters (variables) more appropriate to model the mean temperature.
According to ANOVA analysis and, coinciding with the literature, the daily mean temperature must include, at least, a fit parameter depending of the location where the calculation is performed. Additionally, the temperature model must have a dependent parameter with the day of the year for latitudes near 40 degrees, just as the global radiation case. And, finally, a parameter of adjustment for the time period when the measurements were taken, to avoid the deviation of the data timing.
With all those considerations, it follows that the function for mean temperature has a shape similar to that used for the Global  8000  7000  6000  5000  4000  3000  2000  1000  500  350 100 km calculation of mean global daily irradiation but, of course, with different fitting parameters. Equation (5) shows the equation used for daily mean temperature:
where T is the mean daily temperature at ground level for each measurements station, D is the Julian day, T M annual average daily temperature for the location, T A amplitude of the annual variation for the daily temperature in the location, and T B is the factor that corrects the gap caused by the calculation start on first of January for the site under study.
In the same way, that global radiation and the fitting parameters obtained from (5) are only valid for each location of measurement stations. One way to check the consistency of the correlation is chosen by comparing the parameters obtained for each station with the average parameters, it was observed that there is a low-level variance for stations located near, on the other hand, the correlation coefficient is usually higher than 0.7, which leads to the conclusion of the correlation is consistent.
With (5), particularized for each measurement station and spatial interpolation techniques of GIS, it was possible to calculate the average temperature at the surface of all the territory covered by the Region of Murcia.
Results

Solar Radiation Maps for Murcia
Region. The maps have been built with the use of r.sun tool. This tool is based on previous work done by Hofierka [32, 35] and prepared for an open source environment of GRASS GIS [36] . A raster for the terrain was developed with a grid with 250 × 250 metres of spatial steps, and this raster was used for generated the necessary input data for r.sun and for generated the intermediate definitive maps of this work. Figure 6 summarizes the methodology follow to obtain the final maps.
The r.sun works in two modes. In the mode 1, for the instant time, it calculates a solar incident angle (degrees) and solar irradiance values (W·m −2 ). In the mode 2, the daily sum of solar irradiation (Wh·m −2 ·day −1 ) and duration of the beam irradiation are computed within a given day. For this work, only the mode 2 has been used. The model requires only a few mandatory input parameters, digital terrain model (elevation, slope, aspect), day number day (for mode 2), and additionally a local solar time (for mode 1). However, several other parameters can be set to fit the specific user needs. These parameters have default values that are used unless they are overridden by user settings as a single value or a name of the raster, as Linke atmospheric turbidity raster or the global irradiation measures. The r.sun can take into account the shadowing effect of the terrain.
The r.sun model estimates global radiation under clear-sky conditions from the sum of its beam, diffuse, and assessment of global irradiance/irradiation on the horizontal surface for overcast conditions a clear-sky index, K c was used [37] :
This index is possible calculate with the frequency of sunny-skies, Table 1 and some correlations, or, in the case of this work, K c can be calculated for ground stations where the global irradiation were measured.
With the previous fitting coefficients for global and diffuse irradiation equations (3) and (4), in each station and for each day of the year, parameters shown in Appendix A were obtained raster layers for all area studied through interpolation of data between stations and also for each day of the year of each station. To obtain the most accurate results a cross-validation procedure was applied separately for each point of datasets of K c calculated from each data station.
The information is rasterized using the inverse distance method, which estimates the value of each of the cells as a weighted average of the measured values in a set of sampling points located around.
In the last iteration of the process expose in Figure 6 , the value of K c parameter contains all the information of the turbidity of the atmosphere and the overcast of the location, so it is possible to avoid the influence of the Linke factor in r.sun to obtain a good agreement with the data. Figure 9 shows the resulting average-annual maps of the global, direct, and diffuse mean daily irradiation, respectively, in Wh·m −2 ·day −1 . The annual-average maps for show values around 4600 Wh·m −2 ·day −1 that correspond with 16.6 MJ·m −2 per day for global irradiation, and with a distribution very similar for all region. The global irradiation is obtained with an annual-average value of direct irradiation around 3000 Wh·m −2 ·day −1 that it is the 65% of the global irradiation.
This map is in fairly good agreement with the European Solar Radiation Atlas data [38, 39] .
The monthly maps shown in Figure 11 of Appendix B have been plotted by calculating the mean monthly values from the results obtained for each day of each month. Figure 11 shows that the spatial differences are not very high for the region. The mean values for global irradiation is around 2400 (Wh·m −2 ·day −1 ) for January until 7250 (Wh·m −2 ·day −1 ) in July.
In addition, more detailed maps were building for each municipalities of the region, Figure 10 shows three examples. These maps are useful in order to know the behaviour of a solar installation in an specific location.
Another result of the work was to built tables with the mean, maximum and minimum of monthly global irradiation mensual for different location. With the methodology used is also possible to calculate the correction factor to obtain the irradiation in inclination planes. Those tables were obtained with the use of r.sun tool when the data were fitting and adjustment with the measured data collection.
Temperature Maps for the Region of Murcia.
Similar process was used in order to obtain the mean temperature at ground surface in the region. The filtering process applied to the daily temperature and the information from each station was extended to all region using the inverse distance method, which estimates the value of each of the cells as a weighted average of the measured values in a set of sampling points located around. The same raster then for irradiation maps was used for the temperature, a grid with 250×250 metres of spatial steps.
Some examples of the resulting maps are show in Figure 12 of Appendix C. The maps present the mean temperature daily for six months of the year in celsius degress. It is possible to appreciate that during the winter the map of January shows a strong minimum in the western plateau, associated with the influence to the high level over the sea of that zone and the influence of the continental weather. This minimum is not appreciate for the mean global irradiation. With these two aspects, it is possible to say that the north west of the region is appropriate to install PV panels and the center and south is more appropriate to install thermal solar collector of high or medium temperature.
Conclusions
An elaborated process, valid for middle latitudes (30-50), based on astronomical factor has been used to develop several maps of global, direct and diffuse irradiation in Murcia region. This method has been demonstrated to be useful for a filtering process for a daily solar irradiation data and to make a good treatment of the radiation data by means of an annual characteristic equation for each location. This process was applied to the time series collected from 35 stations and was useful to generate the Solar Radiation and Mean Temperature Maps of Murcia Region.
With the results of this study was obtained a useful tool to quantify more accurately the areas in the Region of Murcia where it may be interesting to install solar systems use. This is possible thanks to the combination of the results of global radiation, direct and diffuse on horizontal and inclined plane, and temperature at ground level data.
Although, the mean values obtained present good agreement with the European Atlas. The high density of measuring stations has allowed a detailed spacial analysis of the irradiation and the mean temperature in the studied area.
It has been demonstrated that with the combined use of GIS techniques and an extended data base of radiation it is possible to built useful maps of irradiation and temperature. The tool r.sun has been used to develop a serial of maps and mean values of the radiation for different locations and for horizontal plane and for surfaces with several inclinations.
Finally, the results obtained in this work have generated the first edition of Solar Radiation Atlas and temperature in Region of Murcia. This Atlas is designed as a useful tool to help engineers, designers, developers, and so forth, during the selection location process for solar installation.
Appendices
A. Data and Results of Measurements Stations Used in This Study
In this appendix, is presented the geographical parameters of each meteorological station used for this study, coordinates UTM and height at sea level (a.s.l.), and the numbers of valid data. Table 2 shows the parameters for (3) obtained to calculate the annual mean of daily global irradiation for each measurements station. Table 3 shows the parameters for (4) obtained to calculate the annual mean of daily diffuse irradiation for the five measurements stations where diffuse irradiation was measured.
Finally, Table 4 shows the parameter for (5) to calculate the mean temperature at ground level for all meteorological stations.
B. Maps of Monthly Mean Global
Solar Irradiation
